###### Significance of this study

What is already know about the subject?
=======================================

-   There is  high prevalence of obstructive sleep apnea (OSA) among individuals with type 1 and 2 diabetes, but screening for this disorder is infrequently performed in primary care settings.

What are the new findings?
==========================

-   Despite clinician awareness of the importance of OSA identification, screening for the condition is alsinfrequently performed in the endocrine practice setting.

-   The patient population with diabetes has low awareness of the importance of OSA identification but a high interest in the learning more about this subject. There prevalence of patients identified as being at high risk for OSA (HROSA) was similar in patients with type 1 and type 2 diabetes.

How might these results change the ficus of research or clinical practice?
==========================================================================

-   This report highlights the need to implement collaborative pathways among various clinical specialties in order to best address OSA and improve the clinical care and outcomes of patients living with diabetes.

Introduction {#s1}
============

Obstructive sleep apnea (OSA) is a disorder characterized by snoring, periods of hypopnea or apnea, and sleep fragmentation that is often associated with daytime sleepiness.[@R1] OSA is prevalent in adults with diabetes, with highest rates observed among obese patients with type 2 diabetes mellitus (T2DM), but is increasingly recognized as occurring among those with type 1 diabetes mellitus (T1DM) as well.[@R2]

A strong incentive for screening patients with diabetes for OSA is related to the observed risk for morbidity and mortality from cardiovascular disease with each of these disorders.[@R4] Individuals with comorbid diabetes and OSA have higher blood pressure (BP), poor sleep quality, lower health-related quality of life, and lower adherence to diabetes self-management practices; all of which improve with adequate treatment.[@R7] While associations are observed between OSA severity and hemoglobin A1c (HbA1c), studies investigating changes in glycemic control with continuous positive airway pressure (CPAP) therapy report mixed results.[@R10] Low levels of adherence to CPAP has been a limitation of many of the studies, with longer duration of nightly CPAP use being identified as a contributor to the ability to achieve the beneficial effects of CPAP treatment.[@R14]

In the most recent standards of care, the American Diabetes Association recommends that clinicians maintain awareness of OSA as a comorbidity that affects overall diabetes management.[@R16] This is consistent with the recommendations from other professional societies[@R17]; however, OSA detection is infrequently addressed in clinical practice. Large discrepancies between expected and diagnosed cases of OSA in patients with diabetes have been reported, suggesting that the majority of patients at risk for OSA are not being identified.[@R19] Endocrinologists provide care to a large percentage of patients with difficult to control diabetes which puts this group in a position to address this important comorbid condition. To our knowledge, OSA screening frequency and practices among endocrinologists in diabetes patient populations has not been previously explored. To address this, we designed a quality improvement (QI) initiative to define endocrinologist and patient opinions and perceptions regarding OSA identification and treatment. In addition, we sought to identify the prevalence of undiagnosed but high risk for OSA (HROSA) among patients with diabetes being seen in a university-based specialty diabetes practice.

Methods {#s2}
=======

This project was reviewed by the University of Pittsburgh Institutional Review Board and approved as a QI initiative by the University of Pittsburgh Medical Center (UPMC) Quality Improvement Committee. Clinician and patient questionnaires were designed by the investigators (SI, PS, EC, MK). An 11-item survey for clinicians was designed to investigate knowledge, attitudes, barriers, and proposed solutions for addressing OSA in their diabetes patient population (see Appendix A in the online [Supplementary file 1](#SP1){ref-type="supplementary-material"}). An 18-item de-identified patient survey was designed to examine beliefs and interest relating to OSA, as well as to obtain information regarding a prior OSA diagnosis and treatment (see Appendix B in the online [Supplementary file 1](#SP2){ref-type="supplementary-material"}. The Berlin Questionnaire (BQ), a validated screening tool for OSA, was embedded in the patient questionnaire.[@R20]
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To ensure anonymity of responses, de-identified provider questionnaires were distributed to attending physicians, nurse practitioners, physician assistants, and fellows in the Division of Endocrinology and Metabolism at UPMC. Patients were invited to complete a questionnaire at the end of a scheduled office visit to the UPMC Center for Diabetes and Endocrinology. Inclusion criteria were age ≥18 years and a diagnosis of T1DM or T2DM. Exclusion criteria included pregnancy, gestational diabetes, and known monogenic forms of diabetes. Electronic medical record (EMR) verification was performed in patients who reported a diagnosis of OSA. For patients who reported a prior diagnosis of OSA, treatment adherence was defined by patient report of \>4 hours of treatment use every night. In patients without known OSA, BQ scores were used to identify those at low risk for OSA (LROSA) or HROSA.[@R20] All clinical data including information regarding microvascular and macrovascular complications current to the time of survey completion was obtained from the EMR. All patient data were de-identified prior to analysis.

Statistical analyses {#s2a}
--------------------

Patient participants were divided according to OSA status: known OSA, LROSA, HROSA and according to type of diabetes. All analyses were performed in GraphPad Prism V.6.0. One-way analysis of variance or Kruskal-Wallis test with post-test Dunn\'s multiple comparison were performed for comparison of continuous variables among the three groups. Unpaired Student\'s t-test or Mann-Whitney non-parametric test were used for two groups comparisons. Comparison of categorical variables was performed with Χ^2^ or Fisher\'s exact test. In all cases, two-sided p values are reported.

Results {#s3}
=======

The provider survey was completed by 35 clinicians: 21 attending endocrinologists, four advanced practice providers, and 10 endocrinology fellows. The patient questionnaire was completed by 107 of 125 patients invited to participate (18 patients declined and no data were collected). The clinical characteristics of patient participants were grouped according to known OSA (n=33), LROSA (n=40), and HROSA (n=34) ([table 1](#T1){ref-type="table"}). Those with known OSA were older than HROSA, more obese than LROSA, with a higher prevalence of nephropathy and hypertension, and lower use of insulin therapy than HROSA or LROSA. HROSA patients used higher insulin doses than LROSA. There were no group differences for sex, type or duration of diabetes, HbA1c, BP, number of antihypertensive or non-insulin diabetes medications.

###### 

Clinical characteristics according to OSA status

                                         OSA          HROSA        LROSA        p Value
  -------------------------------------- ------------ ------------ ------------ ---------
  N                                      33           34           40           
  Age (years)                            62.4±8.9     53.1±13.8    56.3±17.4    0.03
  Sex (female)                           58%          56%          60%          0.94
  BMI (kg/m^2^)                          36.5±8.1     34.1±7.2     29.9±7.5     \<0.01
  T2DM                                   88%          74%          68%          0.12
  DM duration (years)                    14.7±12.7    15.4±10.3    17.8±10.9    0.19
  Retinopathy                            42%          32%          35%          0.79
  Nephropathy                            42%          18%          13%          \<0.01
  Neuropathy                             73%          53%          63%          0.25
  CAD                                    9%           6%           18%          0.26
  CVA                                    0%           6%           3%           0.34
  HTN                                    91%          82%          65%          0.02
  SBP (mm Hg)                            137.2±20.8   139.6±15.8   138.3±3.2    0.29
  DBP (mm Hg)                            76.6±11.4    79.5±10.9    76.2±10.24   0.40
  Number of BP medications               2.0±1.2      1.8±1.2      1.5±1.3      0.19
  HbA1C                                  8.0±1.2%     8.3±1.8%     7.7±1.4%     0.44
  Number of non-insulin DM medications   1.0±0.9      1.1±0.9      0.8±0.9      0.37
  Insulin therapy                        64%          88%          85%          0.02
  Insulin TDD (units/kg)                 0.7±0.5      0.9±0.5      0.6±0.5      0.02

Data are presented as means±SD.

BP, blood pressure; BMI, body mass index; CAD, coronary artery disease; CVA, cerebral vascular accident; DBP, diastolic blood pressure; DM, diabetes mellitus; Hb1AC, hemoglobin A1C; HROSA, high risk for OSA; HTN, hypertension; LROSA, low risk for OSA; OSA, obstructive sleep apnea; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; TDD, total daily dose.

Provider and patient perceptions {#s3a}
--------------------------------

There was significant discrepancy between provider and patient responses regarding the prevalence and importance of OSA screening and treatment ([table 2](#T2){ref-type="table"}). The majority of clinician respondents agreed that OSA is prevalent in individuals with T2DM, that treatment can favorably impact control of BP, control of diabetes mellitus (DM), and risk for DM- related complications and that the responsibility for screening is shared with primary care physicians (PCP) (88%). However, 17%, 69%, and 14% indicated that they always, sometimes, rarely or never asked questions about OSA symptoms. Screening was reported more frequently for patients who were obese, independent of type of diabetes (74%) or who had T2DM with (54%) or without (11% obesity. The most frequently described screening method was a clinical interview with 6% reporting use of a validated screening questionnaire (specific tool not identified).

###### 

Clinician and patient perceptions of OSA--DM relationship

  Statement                                                Providers   Patients                    
  -------------------------------------------------------- ----------- ---------- ----- ----- ---- -----
  OSA is prevalent in T2DM                                 97%         0%         3%    N/A        
  OSA treatment could positively impact BP control         94%         0%         6%    30%   4%   66%
  OSA treatment could positively impact glycemic control   83%         0%         17%   28%   6%   66%
  OSA treatmentcould positively impact DM complications    83%         0%         17%   N/A        

BP, blood pressure; DM, diabetes mellitus; N/A not asked; OSA, obstructive sleep apnea; T2DM, type 2 diabetes mellitus.

The most frequently reported barriers to screening included lack of time (52%), insufficient knowledge about how to refer for testing (16%) or treatment (29%), inability to interpret test results (29%), and anticipated poor treatment adherence (10%). Suggested methods to increase screening included having guidelines from professional societies (60%) or specific to the practice setting (40%) with an explanation of referral pathways (49%), scientific updates on the topic (46%), and workshops on the basics of sleep medicine (29%).

Patient responses {#s3b}
-----------------

The majority of patient respondents had T2DM (n=81). When compared with those with T1DM (n=26), those with T2DM were older (T2DM vs T1DM: 61.4±10.6 vs 44.1±17.0 years, p\<0.01), more obese (BMI 34.9±8.2 vs 28.2±4.9 kg/m^2^, p\<0.01) with a shorter duration of diabetes (13.3±8.2 vs 24.7±14.9 years, p\<0.01). No differences were observed in sex (54.3% vs 69.2% female, p=0.25) or percentage with known OSA (36% vs 15%), LROSA (33% vs 50%) (p=0.12), or HROSA (31% vs 35%).

The majority of all diabetes patients without OSA (75% of LROSA, 59% of HROSA) reported that OSA had never been discussed with them. Patients who reported that this had been discussed, identified their PCP (44%) as the provider of information, followed by pulmonologists (26%) and endocrinologists (24%).

Only a small percentage of patients reported awareness of potential benefits of OSA treatment ([table 2](#T2){ref-type="table"}). Patients with known OSA were more aware -than the other groups of the benefits forBP control(52% vs 21% vs 20%, p\<0.01) and glycemic control (45% vs 24% vs 18%, p=0.03). Among those with known OSA, treatment adherence was low (45%). Those reporting knowledge of OSA treatment benefits - on BP (OR 5.5, 95% CI 1.2 to 24.8, p=0.04) and glycemic control (OR 9.65, 95% CI 1.9 to 47.4, p\<0.01) were more likely to be adherent to OSA treatment.

Patients with HROSA and LROSA status indicated a willingness to be evaluated (97% and 88%, p=0.22) and treated for OSA (94% and 90%, p=0.69). No queries were conducted for treatment preferences, such as CPAP or other treatments (eg, oral appliances, surgery). The majority of OSA and HROSA but not LROSA participants expressed interest in learning more about this disorder (66% vs 65% vs 37%, p=0.02).

Discussion {#s4}
==========

These results indicate that there was no structured approach to OSA screening in a high-risk population with diabetes at this center. Insufficient time and lack of clear guidelines for screening and diagnosis on the part of providers and low awareness on the part of patients were identified as main contributors. The observation that a third of patients with T1DM and T2DM could be considered as HROSA based on results of the BQ emphasizes a need to improve awareness and screening practices. The observed low rates of OSA screening in the current report are similar to previous reports in other study populations.[@R19] In a UK-based nationwide survey of healthcare professionals providing care for patients with T2DM, the majority of respondents (68%) were not aware of OSA screening recommendations, and 81% reported that they did not routinely assess for OSA as part of their practice.[@R22] The interpretation of these results is limited by a very low response rate to the survey (n=62).

Obesity, independent of type of diabetes, was identified by providers as an indicator for OSA screening. This is congruent with the observations that obesity is one of the strongest risk factors for OSA and that OSA symptoms can improve or resolve with weight loss interventions.[@R23] While the prevalence of obesity is recognized as high in the T2DM population, the trend toward obesity is also observed in those with T1DM.[@R25] Among the few studies in the literature addressing the occurrence of OSA in patients with T1DM, the prevalence of OSA diagnosed using polysomnography was 47% among 67 consecutive patients with T1DM.[@R27] Those with OSA had longer duration of diabetes and more microvascular and macrovascular complications, but not a higher BMI, compared with patients without OSA in this study, making obesity alone an unreliable indicator for screening. Although the number of participants with T1DM in this study is small, these results support the need for additional attention to underlying OSA in this group of patients.

PCPs were identified as being most likely to provide patients with information regarding OSA. In this study, all participants were under the care of a PCP as well as an endocrinologist. The majority of clinicians reported that OSA screening is a shared responsibility with PCPs, suggesting that a collaborative care model that provides tools that address the described barriers could increase the frequency of OSA screening.[@R28] Educational sessions directed toward providers with prompts in the EMR for evaluation of suspected OSA could prove useful and have previously been shown to have various degrees of success in similar conditions.[@R29] Strategies that increase patient awareness have also been demonstrated to be effective at influencing provider behavior in other disease models.[@R30]

OSA treatment adherence of \>4 hours/night was self-reported by 45% of patients with OSA, consistent with prior reports.[@R31] Although the sample size of the current study was small and the CIs large, there were positive associations between patient beliefs in the positive effects of OSA treatment and treatment adherence, emphasizing the importance of patient education as a way of improving health outcomes.[@R32] It was encouraging to find that patients with OSA and HROSA were interested in obtaining more information which could potentially improve treatment adherence and outcomes.[@R15]

There are several limitations to this project. One is that the results are derived from clinicians and patients at a single academic center which may not reflect perceptions or prevalence information at other institutions or practice settings. Due to anonymity of surveys, we were not able to assess differences among clinicians who focus their practice on diabetes compared with other subspecialty areas within endocrine practice. Other limitations include small sample size and the absence of information relating to patient ethnicity or level of education.

This initiative was conducted as a collaborative QI program designed to gather data regarding current practices of screening patients with diabetes for OSA. Since this project was completed, an order set for referral of patients for home sleep testing has been introduced into the EMR. Additional testing to determine the frequency with which this order set is used is planned.

In summary, this investigation demonstrated that providers are knowledgeable of the importance of screening patients with diabetes for OSA but it is important that identified barriers be addressed as a way of improving current screening frequency. The low awareness of the OSA--DM interaction on the part of patients can be addressed through public awareness campaigns. This report highlights that there is a need to implement clear collaborative pathways directed at engaging providers across disciplines as well as patients in addressing OSA as a way of improving the quality of diabetes care and patient outcomes.

The authors would like to thank Dr Linda Siminerio and Dr Michelle Griffith for their insightful suggestions toward the patient questionnaire design and to Carley Stoy PA and the certified diabetes educators for their help in survey administration. We thank all endocrinology clinicians and patients for offering their time to complete the provider survey and to invite their patients to participate in this quality improvement initiative.

**Competing interests:** MTK has served on an advisory board for Novo Nordisk. PJS discloses the following research grant support: RO1 HL107370, RO1 DK096028302, RO1 HL120354301A1, 1UH2HL125103301, 5UL1TR000005309, PA DOH MD3023384 and American Sleep Medicine Foundation and the following industry relations: Philips 3 Respironics, ResMes, Inspire Medical Systems, PinMed, NFL, Emmi Solutions and Jazz Pharmaceuticals. SI, JN and EC have no conflict of interests to declare.

**Ethics approval:** All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

**Provenance and peer review:** Not commissioned; internally peer reviewed.
